We measured the concentration of bile acids in gastric aspirates from patients who had had operations for peptic ulcer. Some patients were asymptomatic and some had postoperative symptoms of the type that have been attributed to duodenogastric reflux. Samples were obtained via a nasogastric tube when the patients were fasting, after food, after pentagastrin, and overnight. We related the concentration and amount of bile acid and the volume aspirated to the presence or absence of symptoms and compared the results with radiological and endoscopic assessments of duodenogastric reflux. The most useful index to discriminate between symptomatic and asymptomatic patients was the amount of bile reflux in half an hour's aspiration from the fasting stomach; this we have termed 'fasting bile reflux' (FBR) and expressed as ,umol bile acids refluxing/hour. A figure greater than 120 ,umol/h was present in 17 of 22 symptomatic patients and in all who complained of bile regurgitation or bile vomiting. The FBR was less than 120 ,tmol/h in all of 20 asymptomatic patients, although some of them had reflux detected radiologically and endoscopically.
Bile vomiting has been reported as a complication of all types of operations for peptic ulcer (Orr, 1962; Kennedy et al., 1973; Amdrup et al., 1974) . Most authors have reported bile vomiting in about 10% of patients studied after various surgical procedures (Capper and Welbourn, 1955; Dahlgren, 1964; Griffiths, 1974) , but there is considerable variation between different series, probably because assessment is entirely subjective. After Billroth II partial gastrectomy, incidences between 1 and 26% have been reported (Nelson, 1968; McKeown, 1972) .
Bile vomiting is often associated with the symptom of epigastric discomfort, which is thought to be due to duodenogastric reflux causing gastritis. Without an objective test for reflux, this concept has remained unproved. The selection of patients for bile diversion operations is based on the type and severity of symptoms but the evaluation of these criteria or the results of operation are similarly hampered by lack of objective measurement. Several methods of measuring duodenogastric reflux have been described. Assessment can be made radiologically (Capper et al., 1966) or endoscopically (Eckstam et al., 1974) , but both methods are subjective and the presence of the duodenal tube or gastroscope may cause reflux. Aspiration from the stomach of a marker infused into the duodenum (Wormsley, 1972) is an objective method, but again a duodenal tube is needed. Bromsulphthalein and indocyanine green excreted in the bile may be measured in gastric aspirate and so avoid the need for a transpyloric tube . However, the concentration of bromsulphthalein in bile is not constant (Wirts and Cantarow, 1942) , and the measurement of indocyanine green is difficult . Measurement of a naturally occurring duodenal 'marker' in gastric aspirates would be objective and would not itself induce reflux. Bilirubin is a natural 'marker', but is broken down by gastric acid and so its measurement gives unreliable results (Black et al., 1971) . Similarly, trypsin is inactivated by acid (Khayat and Christophe, 1969) . Sodium is a 'marker' that is simple to measure and stable , but it occurs in gastric as well as duodenal juice and 166 so the calculations are difficult and further complicated by diffusion of sodium across the mucosal barrier, when it is damaged by bile (Ivey et al., 1970) .
Bile acids are not normally found in the stomach and are not altered by intragastric acid. Rhodes et al. (1969) (Bruusgaard, 1970) and measured enzymatically by the method of Murphy et al. (1970) using pure 3 alpha-hydroxysteroid dehydrogenase (Fausa and Skalhegg, 1974) .
The extraction efficiency was assessed using C14-labelled sodium taurocholate and lithocholic acid, and by the addition of known amounts of sodium deoxycholate and sodium cholate to gastric aspirates. Ten experiments were performed in which the pH of the sample varied between 1-4 and 6-8. 'Within day' precision was assessed by simultaneous extraction and analysis of 20 aliquots of the same specimen. 'Between day' precision was determined by extraction and analysis, with 20 batches of analysis, of one aliquot of pooled gastric aspirate. The limit of linearity and detection limit were also determined.
TIMING OF SAMPLES FOR MEASUREMENT OF BILE ACIDS
Fourteen patients, who had had a partial gastrectomy, volunteered for this study. Seven were asymptomatic and seven had symptoms typical of those ascribed to bile reflux (Bushkin et al., 1974) .
In each group there were six males and one female, of whom four had a vagotomy and antrectomy with Billroth I anastomosis and three Billroth II partial gastrectomy. The mean age of the asymptomatic 167 group was 51V7 years and of the symptomatic group 35-6 years and duration since gastrectomy was 3-9 and 2-3 years respectively.
A size 14F Salem sump nasogastric tube was passed into the stomach of the fasting patient and its position checked fluoroscopically and by the water recovery test (Findlay et al., 1972) . The gastric juice was aspirated and discarded and three 10-minute aspirates collected (fasting sample), then a pentagastrin test (6 ,tg/kg) was performed (pentagastrin sample). After a test meal (22 g corn oil and 56 g dextrose made up to 500 ml with water) samples were aspirated at 30 and 60 minutes (postprandial sample). Gastric contents were then aspirated continuously from 10.00 p.m. to 7.00 a.m. (overnight sample). Before the tube was removed the next day fasting samples were repeated twice.
The concentration of bile salts in the three fasting samples was multiplied by the volume aspirated over half an hour and doubled; and termed 'fasting bile reflux' (FBR) expressed in /.kmol/hour.
COMPARISON WITH REFLUX ASSESSED RADIOLOGICALLY AND ENDOSCOPICALLY
Radiological reflux was assessed using a modification of Capper's test (Keighley et al., 1975) . Reflux was assessed as present or absent. Endoscopically, reflux was considered to be present if there was a pool of bile in the stomach or if reflux occurred throughout the examination.
Twenty asymptomatic patients were assessed by measurement of bile acids in the gastric aspirate and by radiology and endoscopy. Informed consent was obtained, and the study was approved by the hospital ethical committee. Details of these patients are given in the Table. Fifteen symptomatic patients have been studied by all three methods and their age and previous operations are given in the Table. All had dyspepsia and vomiting and nine had bile regurgitation.
In 44 other patients, who had undergone a variety of gastric operations, measurement of FBR was compared with aspirates obtained at endoscopy.
Results

BILE ACID ANALYSIS
The mean recovery of (C14-carboxy-) sodium taurocholate and (C14-carboxy-) lithocholic acid was 96-4% (range 93-2 to 100-2%) and 93 4% (range 87-2 to 97 3 %) in experiments where the pH of the sample varied from 1-4 to 6-8. Recoveries of between 89-1 and 98-2% were obtained on addition of known amounts of pure sodium deoxycholate and sodium cholate to gastric aspirates. The mean bile acid concentration of the specimen used for 'within day' group.bmj.com on October 14, 2017 -Published by http://gut.bmj.com/ Downloaded from 
TIMING OF SAMPLES FOR MEASUREMENT OF BILE ACIDS
The mean bile acid concentrations are shown in Fig. 1 . There was no overlap of the mean of three 10 minute fasting samples, although one isolated fasting 10 minute sample from each of three symptomatic patients had low or absent bile acid concentrations. (Fig. 2) . There was a significant correlation between samples obtained after food or pentagastrin using Spearman's rank correlation coefficient (p < 0 05).
COMPARISON OF REFLUX BY FBR, RADIOLOGY, AND ENDOSCOPY
In the 20 patients without symptoms, reflux was noted radiologically in five and endoscopically in 13. An FBR of less than 120 ,umol/h was found in all asymptomatic patients. Reflux was seen radiologically in 11 of the 15 patients with symptoms, endoscopically in 13, and FBR was greater than 120 ,umol/h in 10. Nine of these 15 symptomatic patients complained of bile regurgitation and all nine had reflux seen during * endoscopy and FBR greater than 120 ,umol/h, and eight had reflux demonstrated radiologically. The method of estimating FBR is simple. The basal collection before a pentagastrin test can be used as the sample for measurement of FBR. The technique using methanol acetone is easy and extraction was as complete as that obtained with the more complicated method of Murphy et al. (1970) . Acid studies are usually performed in trials comparing different gastric operations, and this objective test of bile reflux could be included without any further discomfort to the patient.
Both radiology and endoscopy demonstrated duodenogastric reflux in some of the 20 patients studied who had no symptoms after gastric surgery. FBR was less than 120 umol/h in all these patients, and is therefore more reliable than radiological or endoscopic assessments of reflux. Gastroscopy is, of course, necessary to exclude the presence of a recurrent ulcer in most of these patients, and if sampling of gastric juice can be used as a screening test to exclude significant bile reflux. FBR can measure bile reflux, and so determine if that reflux is likely to be the cause of symptoms, and a separate study (Hoare et al., 1978) has shown that it can predict who will benefit from bile-diversion operations.
for bile reflux after gastric surgery. 
